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PROBLEM TO BE SOLVED: To obtain a PZT 
thin film himnrph stnicturB rappjhie of readily 
providing a great number of bimorph structures 
and being miniaturized. 

SOLUTION: This parallel flat plate structure 1 is 
constituted by mutually opposing a pair of 
piezoelectric elements 2 made of a bimorph 
structure and laying prismatic insulating spacers 
3 between both ends of the upper and lower 
parts and sticking the spacers to the ends. The 
piczocloctrio elements 2 made of the bimorph 
structure are provided with PZT thin films 5 
having tens fim thickness on both thft surface 
and back sides of flat plate-like bases 4 made of 
titanium by a hydrothermal method. Electrode 
films 6 having several thickness made of 

aluminum are formed on the PZT thin films 5 ixn\ at both the surface and back 
sides of the bases. The thickness of the bases 4 is supposed to be 20 /£m. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st side face of a titanium base material and the 1st side face are the PZT thin 
fihn bimorph structure by which the PZT thin film was formed in the 2nd side face in which 
it is located in the opposite side 180 degrees, and the electrode was prepared on said PZT 
thin film, respectively. 

[Claim 2] The 1st side face and this 1st side face of a titanium base material are the parallel 
flat sheet structure object of the PZT thin film bimorph form characterized by connecting 
mutually in parallel the PZT thin fibn bimorph structure of the pair by which the PZT thin 
fihn was formed in the 2nd side face in which it is located in the opposite side 180 degrees, 
and the electrode was prepared on said PZT thin film, respectively through a spacer. 
[Claim 3] It is the manufacture approach of the PZT thin film bimorph structure including the 
process which forms a PZT thin film in the 2nd side face in which the 1st side face of a 
titanium base material and the 1st side face are located in the opposite side 180 degrees by 
the hydrothermal method, and the process which forms an electrode to said PZT thin film 
top, respectively. 

[Claim 4] It is the manufacture approach of the PZT thin film bimorph structure 
characterized by to include the process at which the 1st side face of a titanium base material 
and the 1st side face form a PZT thin film in the 2nd side face in which it is located in the 
opposite side 180 degrees, by the hydrothermal method, the process which forms two or 
more electrodes to said PZT thin film top, respectively, and the process which disconnects 
inter-electrode [ which adjoined mutually ] and obtains two or more PZT thin film bimorph 
structures. 

[Claim 5] Said hydrothermal method stirs a lead nitrate solution and zirconium oxychloride 
with a mineralizer, and pressurizes and heats them. As opposed to the process which obtains 
a seed crystal on the 1st of a titanium base material, and the 2nd side face, and the base 
material which obtained said seed crystal Stir the solution of a lead nitrate solution, 
zirconium oxychloride, and a titanium tetrachloride with a mineralizer, and it is heated and 
pressurized. The 2nd side face in which it is located in the opposite side 1 80 degrees boils the 
1st side face of a titanium base material, and the 1st side face, respectively, receive, and 
crystal growth of PZT is performed. The memufacture approach of the PZT thin film bimorph 
structure according to claim 3 or 4 characterized by including the process which forms a PZT 
thin film on the 1st of a titanium base material, and the 2nd side face. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the PZT thin film bimorph structure, the 
parallel flat sheet structure object of a PZT thin film bimorph form, and its manufacture 
approach, 
[0002] 

[Description of the Prior Art] The bimorph (Bimorph) structure which prepared fi*om the 
former the PZT (zircon lead titanate: ceramics which consists of the solid solution of lead 
titanate and lead zirconate) component of bulk in fi-ont flesh-side both sides of a tabular base 
material as a piezoelectric device, respectively, and prepared the electrode in the firont face of 
said PZT component is known. If an electrical potential difference is impressed to both the 
PZT(s) component, one PZT component will be extended, the PZT component of another 
side will be compressed, and the whole structure will deform this bimorph structure, and it 
will be used as an actuator. Moreover, when a PZT component is extended conversely 
[ while ] and the PZT component of another side is compressed, it is used as a sensor which 
generates a twice as many electrical potential difference as this rather than the case of one 
PZT component (piezoelectric device). 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the above bimorph structures 
were using the PZT component of bulk, the formation of a thin form of the bulk itself was 
difficult for them, and they had the problem that the miniaturization of the whole bimorph 
structure was difficult. Furthermore, since it was necessary to stick bulk on the front rear face 
of a base material, respectively when it is going to acquire bimorph structure using PZT of 
bulk, there was a problem more than which an attachment process increases, 
[0004] Moreover, when the bimorph structure was constituted, since the conventional 
bimorph structure was formed in tabular with it being the bimorph structure of one sheet, it 
was easy to displace in the condition of having been twisted when force other than the 
displacement direction was added at the time of displacement, and there was also a problem 
which cannot do an exact variation rate. Furthermore, since the conventional bimorph 
structure needed to stick the PZT component of bulk on fi-ont flesh-side both sides of a base 
material and needed to manufacture it, there was also a problem which cannot obtain many 
bimorph structures at a time. 

[0005] This invention is made in order to cancel the above-mentioned technical problem, and 
the 1st purpose is to offer the PZT thin film bimorph structure which can acquire much 
bimorph structures easily and can be made into the small bimorph structure. 
[0006] The 2nd purpose is to offer the parallel flat sheet structure object of a PZT thin film 
bimorph form strong against a twist. The 3rd purpose is to offer the manufacture approach 
that much bimorph structures can be obtained at once. 
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[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, a 
PZT thin film is formed in the 2nd side face in which the 1st side face of a titanium base 
material and the 1st side face are located in the opposite side 180 degrees, and, as for 
invention according to claim 1, the electrode makes the summary the PZT thin film bimorph 
structure prepared, respectively on said PZT thin film. 

[0008] A PZT thin film is formed in the 2nd side face in v^hich the 1st side face and this 1st 
side face of a titanium base material are located in the opposite side 180 degrees, and 
invention of claim 2 makes the simimary the parallel flat sheet structure object of the PZT 
thin film bimorph form characterized by coimecting mutually in parallel the PZT thin film 
bimorph structure of the pair by which the electrode was prepared on said PZT thin fihn, 
respectively through a spacer. 

[0009] Invention of claim 3 makes the simmiary the manufacture approach of the PZT thin 
film bimorph structure that the 1st side face of a titaniimi base material and the 1st side face 
include the process which forms a PZT thin film in the 2nd side face in which it is located in 
the opposite side 1 80 degrees, and the process which forms an electrode to said PZT thin film 
top, respectively, by the hydrothermal method. 

[0010] The process at which invention of claim 4 forms a PZT thin film in the 2nd side face 
in which the 1st side face of a titanium base material and the 1st side face are located in the 
opposite side 180 degrees, by the hydrothermal method. The manufacture approach of the 
PZT thin film bimorph structure characterized by including the process which forms two or 
more electrodes, respectively, and the process which disconnects inter-electrode [ which 
adjoined mutually ] and obtains two or more PZT thin film bimorph structures to said PZT 
thin film top is made into the summary. 

[001 1] Invention of claim 5 is set to claim 3 or claim 4. Said hydrothermal method Stir a lead 
nitrate solution and zirconium oxychloride with a mineralizer, and they are pressiirized and 
heated. As opposed to the process which obtains a seed crystal on the 1st of a titanium base 
material, and the 2nd side face, and the base material which obtained said seed crystal Stir 
the solution of a lead nitrate solution, zirconixim oxychloride, and a titanium tetrachloride 
with a mineralizer, and it is heated and pressurized, the 2nd side face in which it is located in 
the opposite side 180 degrees boils the 1st side face of a titanium base material, and the 1st 
side face, respectively, they receive, perform crystal growth of PZT, and make it the 
summary to include the process which forms a PZT thin film on the 1st of a titanium base 
material, and the 2nd side face. 

(Operation) Since the PZT thin film formed in the 1st and 2nd side faces of a titanium base 
material is thin according to invention according to claim 1, as for the PZT thin film bimorph 
structure, a miniaturization is carried out. 

[0012] Since it considers as parallel flat sheet structure and rigidity is given, invention 
according to claim 2 becomes strong to a twist. According to invention of claim 3, it 
becomes the PZT thin film bimorph structure by forming a PZT thin film in the 1st and 2nd 
side faces of a titanium base material, and forming an electrode to said PZT thin film after 
that by the hydrothermal method, respectively. Here, a hydrothermal method means the 
approach of depositing and growing up a crystal fi-om the water solution under heating / 
pressurization. Moreover, pressurization is the meaning which contains the pressure buildup 
of vapor pressure with heating in a pressurized container besides in the case of applying a 
pressure positively. In addition, although a hydrothermal method is generally also called 
hydrothermal crystallization method, it is called hydrothermal method on these 
specifications. 

[0013] According to invention according to claim 4, by the hydrothermal method, a PZT thin 
film is formed in the 1st and 2nd side faces of a titanium base material, and two or more 
electrodes are formed to said PZT thin film after that, respectively. And cutting of inter- 
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electrode [ which adjoined mutually ] obtains two or more PZT thin film bimorph structures. 
[0014] According to invention according to claim 5, a lead nitrate solution and zirconium 
oxychloride are stirred with a mineralizer, are pressurized and heated, and a seed crystal is 
obtained on the 1st of a titanium base material, and the 2nd side face, then, if stir the solution 
of a lead nitrate solution, zirconium oxychloride, and a titanium tetrachloride with a 
mineralizer, and it is heated and pressurized, and the 1st and 2nd side faces of a titanium base 
material are alike, respectively, it receives to the base material which obtained said seed 
crystal and crystal growth of PZT is performed, a PZT thin film will be obtained on the 1st 
and 2nd side faces of a titanium base material. 
[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained 
with reference to drawing 1 thru/or drawing 1 1 . Drawing 1 (a) and (b) show the sectional 
view of the parallel flat sheet structure object of a PZT thin film bimorph form. Moreover, 
drawing 9 shows the perspective view of the parallel flat sheet structure object of a PZT thin 
film bimorph form. In addition, for convenience, from the actual thing of explanation, the 
thickness of each part material currently illustrated by each drawing containing the above- 
mentioned drawing is expanded suitably, and is illustrated. 

[0016] As shown in drawing 1 (a) and (b), the parallel flat sheet structure object 1 makes the 
plate-like piezoelectric device 2 which consists of the bimorph structure of a pair face 
mutually, and is considered as the configuration which fixed mutually respectively on both 
sides of the prismatic form insulating spacer 3 to the vertical both ends. In addition, it 
considered as the insulating spacer 3 because [ of the short circuit prevention between 
piezoelectric devices 2 ]. 

[0017] The electrode layer 6 with a thickness of several micrometers to which the PZT thin 
film 5 of 10 micrometers of thickness numbers is formed, and consists of aluminum on the 
PZT thin film 5 of the front flesh-side both sides is formed to the both-sides side of the base 
material (titanium base material) 4 which consists of titanium with which the piezoelectric 
device 2 which consists of the bimorph structure makes plate-like [ in which thickness was 
formed equally ]. Thickness of a base material 4 is set to 20 micrometers. The both-sides side 
of said base material 4 is equivalent to the 1st side face in this invention, and the 2nd side 
face in which it is located in the opposite side 180 degrees with the 1st side face. Moreover, 
an electrode layer 6 is equivalent to the electrode of this invention. 

[0018] The electrical circuit in the case of using as an actuator the parallel flat sheet structure 
object 1 of the PZT thin film bimorph form constituted as mentioned above for drawing 1 (a) 
and (b) is shown. Drawing 1 (a) is the case where polarization of the PZT thin film 5 is 
Direction A, it connected DC power supply Bl and B-2 to the serial, respectively, connected 
the plus terminal of DC power supply Bl to the electrode layer 6 of the side face on the left- 
hand side of each piezoelectric device 2 in drawing 1 , connected the minus terminal of DC- 
power-supply B-2 to the electrode layer 6 of a right-hand side side face, and has connected 
DC power supply Bl and the middle node of B-2 to a base material 4. This is for impressing 
electric field to homogeneity at each of the PZT thin film 5 formed in both-sides side of the 
titanium base material 4, and if the thickness of the PZT thin film 5 is uniform, it does not 
need to connect DC power supply Bl and the middle node of B-2 to a base material 4. In 
addition, DC power supply Bl and B-2 impress this electrical potential difference to the PZT 
thin film 5 through each electrode layer 6. 

[0019] In and the condition of having fixed to the base which does not illustrate the lower 
limit of the above-mentioned parallel flat sheet structure object 1 If the electrical potential 
difference of like-pole nature is impressed through an electrode layer 6 to the side face in 
which it is located in the same direction side of the piezoelectric device 2 of a pair as shown 
in drawing 1 (a) The PZT thin film 5 of the direction impressed to the plus potential side is 
compressed, and the near PZT thin film 5 impressed to minus potential is extended (in 
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drawing 1 (a), it displaces to a left), moreover, when the electrical potential difference of 
reversed polarity is impressed through the electrode layer 6 of each side face with drawing 1 
(a) The side face impressed to the plus potential side located in the opposite side with the 
above (in drawing 1 (a)) The PZT thin film 5 of the right lateral of each piezoelectric device 
2 is compressed, and the PZT thin film 5 of a side face (it sets to drawing 1 and is the left 
lateral of each piezoelectric device 2) impressed to minus potential is extended (in drawing 1 

(a) , it displaces to the method of the right). 

[0020] Drawing 1 (b) is the case where polarization of the PZT thin film 5 is Direction B, 
connected the minus terminal of DC power supply B3 to the base material 4, and has 
connected it to the electrode layer 6 of the side face of right and left of a plus terminal of 
each piezoelectric device 2. If plus potential is impressed through the electrode layer 6 
located in the both-sides side of the piezoelectric device 2 of a pair as shown in drawin g 1 

(b) , it is extended, and the left-hand side PZT thin film 5 is compressed (it deforms into left- 
hand side in drawing 1 (b)), and the right-hand side PZT thin film 5 will deform it into the 
right-hand side of the above and an opposite direction with drawing 1 (b), when the electrical 
potential difference of reversed polarity is impressed. In this case, it is one half of the 
electrical potential differences of drav^ng 1 (a), and the same quantity of a variation rate is 
obtained. 

[0021] Moreover, although the above-mentioned explanation explained as an actuator, it is 
also possible to use it as a displacement sensor. In this case, it is in the condition fixed to the 
base which does not illustrate the lower limit of the above-mentioned parallel flat sheet 
structure object 1, and in drawing 1 , if upper limit is displaced to a left or the method of the 
right, the electrical potential difference of reverse potential will produce the PZT thin film 5 
of the side face in which the piezoelectric device 2 was compressed, and the PZT thin film 5 
of the extended side face, respectively. If change of this electrical potential difference is 
detected, it can be used as a displacement sensor. In addition, with this operation gestalt, 
since an electrical potential difference arises fi*om the piezoelectric device 2 of a pair as 
compared with the electrical potential difference produced fi-om the single piezoelectric 
device 2, this displacement sensor can obtain the electrical potential difference which it is. 
[0022] Next, the manufacture approach of the above-mentioned parallel flat sheet structure 
object 1 is explained with reference to drawing 2 thru/or drawing 9 . Drawing 2 shows base 
material 4A. Base material 4A which consists of titanium is making plate-like [ in which 
thickness was formed equally ], and has the area for plurality of said base material 4. First, 
this base material 4A is cleaned from an acid etc., beforehand, an end side (side which serves 
as a end face in drawing 1 ) is covered with metals other than titanium etc. by the physical 
forming-membranes methods, such as synthetic resin or sputtering, and vacuum deposition. 
Mask M is formed, and then the PZT thin film 5 is formed in both sides by the hydrothermal 
method. 

[0023] This hydrothermal method consists of two phases. 

(The 1st step) Base material 4A, the zirconium oxychloride (ZrOC2 and 8H2 O) as a raw 
material and the water solution of a nitrate (Pb2 (N03)), and a KOH (8Ns) solution are fed 
into a Teflon bottle (not shown), and are stirred. In addition, since piezoelectric [ of the PZT 
thin film 5 ] is decided by the configuration presentation ratio of the lead titanate in the PZT 
thin film 5, and lead zirconate, it should just determine the mole ratio of zirconium 
oxychloride and a nitrate according to piezoelectric [ of the PZT thin film 5 done behind ]. 
[0024] Next, heating and pressurization of are done, arranging base material 4A up in the 
pressurized container which is not illustrated, and stirring zirconium oxychloride (ZrOC2 and 
8H2 O), the water solution of a nitrate (Pb2 (TSrOB)), and a KOH (8Ns) solution. In addition, 
pressurization here is the vapor pressure **** pressurization of the heated solution. 
Temperature conditions are 150 degrees C and continue this condition for 48 hours. In 
addition, stirring is performed by SOOrpm. 
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[0025] Consequently, the seed crystal (nucleus) of PZT is formed in the plate-like both-sides 
side of base material 4A in the state of supersaturation. Base material 4 A is taken out from a 
pressurized container after the above-mentioned passage of time, and it rinses and dries. 
[0026] (The 2nd step) Next, a seed crystal feeds into a Teflon bottle (not shown) base 
material 4A by which nucleus attachment was carried out, the zirconium oxychloride (ZrOC2 
and 8H2 O) as a raw material and the water solution of a nitrate (Pb2 (N03)), a titanium 
tetrachloride (TiC14), and a KOH (4Ns) solution, and stirs them. In addition, since 
piezoelectric [ of the PZT thin film 5 ] is decided by the configuration presentation ratio of 
the lead titanate in PZT, and lead zirconate, it should just determine the mole ratio of 
zirconium oxychloride and a nitrate according to piezoelectric [ of PZT done behind ]. 
[0027] Next, heating and pressurization of are done, arranging base material 4A up in the 
pressurized container which is not illustrated, and stirring zirconixmi oxychloride (ZrOC2 and 
8H2 O), the water solution of a nitrate (Pb2 (N03)), a titanium tetrachloride (TiC14), and a 
KOH (4Ns) solution. In addition, pressurization here is the vapor pressure **** 
pressurization of the heated solution. Temperature conditions are 120 degrees C and continue 
this condition for 48 hours. In addition, stirring is performed by 300rpm. 
[0028] Consequently, the PZT thin film 5 is formed in the plate-like both-sides side of base 
material 4A by predetermined thickness (this operation gestalt dozens of micrometers) in the 
state of supersaturation (refer to drawing 3 ). Base material 4A is taken out from a 
pressurized container after the above-mentioned passage of time, and it rinses and dries. 
Then, Mask M is removed. 

[0029] Next, as shown in drawing 4 , an electrode layer 6 is formed in the both-sides side of 
base material 4A containing the PZT thin film 5 by the physical forming-membranes 
methods, such as sputtering and vacuum deposition. And patterning of those front flesh-side 
both sides is carried out so that two or more piezoelectric devices 2 of a part (this operation 
gestalt three pieces) can be taken to base material 4A, and the part of the unnecessary 
electrode layer 6 is removed (refer to drawing 5 and drawing 6 ), 
[0030] Then, base material 4 A of the pair equipped with the PZT thin film 5 and the 
electrode layer 6 is made to face mutually, as shown in drawing 7 , and it fixes mutually 
through the prismatic form insulating spacer 3 which consists of synthetic resin among the 
both ends, and is referred to as parallel flat sheet structure object 1 A. This parallel flat sheet 
structure object 1 A has the composition that the single parallel flat sheet structure object of 
each other was connected. In addition, the insulating spacer 3 fixes base material 4A with 
rigid high adhesives at the time of hardening (refer to drawing 8 ). 

[0031] Next, parallel flat sheet stmcture object 1 A of drawing 8 is cut in a dotted-line part, 
and it separates into the single parallel flat sheet structure object 1. In addition, this cutting is 
performed by the electron discharge method or laser cut. Now, according to this operation 
gestalt, the following operation effectiveness is done so. 

[0032] (1) With this operation gestalt, since the PZT thin film 5 formed in the both-sides side 
of a base material 4 is thinly formed as dozens of micrometers, it can miniaturize the 
piezoelectric device 2 as the PZT thin film bimorph structure. 

[0033] (2) With this operation gestalt, since the piezoelectric device 2 which consists of the 
bimorph structure of a pair is made to face mutually and is made into parallel flat sheet 
structure, it can strengthen to a twist. 

[0034] Drawing 10 (a) shows the case where the single bimorph structure 10 vibrates, and 
drawing 10 (b) is a time of the same single bimorph structure 10 vibrating, and it shows the 
displacement location of the upper limit of the bimorph structure 10 at the time of seeing 
from the upper part. The location when the location at the time of displacing the mid gear PI 
of drawing 10 (b) in the location before displacement, and displacing P2 from a mid gear PI 
to one side and P3 displace P2 in the location of another side of the opposite side from a mid 
gear PI is shown. In this case, the single bimorph structure 10 has the problem twisted as 
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shown in P2 and P3 of drawing 10 (b), when force other than the oscillating direction is 
added, since it is formed in plate-Uke. In addition, in drawing 10 (b), a two-dot chain line is 
the displacement location of the bimorph structure 10 when a twist is not added. 
[0035] Drawing 1 1 (a) shows the case where the parallel flat sheet structure object 1 of this 
operation gestalt vibrates, and drawing 1 1 (b) is a time of similarly the parallel flat sheet 
structure object 1 vibrating, and it shows the displacement location of the upper limit of the 
parallel flat sheet structure object 1 at the time of seeing from the upper part. 
[0036] The location when the location at the time of displacing the mid gear PI of drawing 
11 (b) in the location before displacement, and displacing P2 from a mid gear PI to one side 
and P3 displace P2 in the location of another side of the opposite side from a mid gear PI is 
shown. In this case, since the parallel flat sheet structure object 1 has rigidity even if force 
other than the oscillating direction is added, it is not twisted, as it is strong to a twist and is 
shown in P2 and P3 of drawing 11 (b). 

[0037] In addition, both drawing 10 and drawing 1 1 are omitting and illustrating the 
expedient top of explanation, the electrode layer, and the PZT thin fihn. 
(3) With this operation gestalt, by the hydrothermal method, the PZT thin film 5 was formed 
in the both-sides side of base material 4 A which has two or more area of the base material 4 
of a part, and the electrode layer 6 was formed to the both-sides side of base material 4A 
after that. Consequently, since the PZT thin film 5 and an electrode layer 6 can be formed to 
two or more base materials 4 at once, imlike the former, many bimorph structures can be 
formed at once. 

[0038] (4) With this operation gestalt, by the hydrothermal method, the PZT thin film 5 is 
formed in the both-sides side of base material 4A, two or more electrode layers 6 are formed 
after that to the both-sides side of base material 4A in which said PZT thin fihn 5 was 
formed, respectively, and if between the electrodes 6 which adjoined mutually is cut, two or 
more PZT thin film bimorph structures can be obtained. 

[0039] The operation gestalt of this invention can also be changed as follows in addition to 
the above-mentioned operation gestalt. 

(1) Although considered as the insulating spacer 3, when it forms so that there may be no fear 
of a short circuit between piezoelectric devices 2, the spacer of non-insulation may constitute 
from said operation gestalt like a metal spacer. In this case, welding etc. performs fixing over 
a piezoelectric device 2. 

[0040] (2) In said operation gestalt, although the electrode layer 6 was formed with 
aluminum, you may form in Au(gold) and may form with other metals. 
(3) Although thickness of an electrode layer 6, the PZT thin film 5, and a base material 4 was 
made into the predetermined number value with said operation gestalt, respectively, it is not 
limited to the above-mentioned numeric value, and is good also as numeric values other than 
the above if needed. 

[0041] (4) Although manufacture of the three bimorph structures was explained, it is not 
limited to this nxxmber and you may make it form two pieces or four things or more at once 
with said operation gestalt. In addition, it is also possible to manufacture the one bimorph 
structure, of course. 

[0042] Here, the technical thought grasped according to the operation gestalt mentioned 
above is listed to below with the effectiveness besides the technical thought indicated by the 
claim. 

(1) The manufacture approach of the PZT thin film bimorph structure which gave the mask 
beforehand to the predetermined part of a titanium base material in either claim 3 thru/or 
claim 5 in front of the process which forms a PZT thin film. It can avoid forming a PZT thin 
film in the part by which the mask was carried out by carrying out like this. 
[0043] 

[Effect of the Invention] Since according to invention of claim 1 much bimorph structures 
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can be acquired easily and it becomes a PZT thin film as explained in full detail above, it can 
be made the small bimorph structure. 

[0044] According to invention of claim 2, it can consider as the parallel flat sheet structure 
object of a PZT thin film bimorph form strong against a twist. According to invention of 
claim 3 thru/or claim 5, much bimorph structures can be obtained at once. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) and (b) are the sectional view of the parallel flat sheet structure object of a 

PZT thin film bimorph form. 

[Drawing 2] The sectional view of a base material. 

[Drawing 3] The sectional view of the base material in the condition of having covered with 
the PZT thin film. 

[Drawing 4] The sectional view of the base material in which the electrode layer was formed. 

[Drawing 5] The sectional view of the piezoelectric device formed by carrying out pattem 
NINGU of the electrode layer. 

[Drawing 6] Similarly it is the perspective view of a piezoelectric device. 
[Drawing 7] The decomposition perspective view showing how an parallel flat sheet 
structure object should grapple a . 

[Drawing 8] The perspective view in the condition of having attached the parallel flat sheet 
structure object. 

[Drawing 9] The perspective view of the parallel flat sheet structure object of a PZT thin film 
bimorph form. 

[Drawing 10] For (a), similarly, the perspective view showing an operation of the single PZT 
thin film bimorph structure and (b) are an explanatory view. 

[Drawing 11] For (a), similarly, the perspective view showing an operation of an parallel flat 
sheet structure object and (b) are an explanatory view. 
[Description of Notations] 

1 [ ~ A base material, 5 / ~ A PZT thin fihn, 6 / — Electrode layer. ] — An parallel flat sheet 
structure object, 2 ~ A piezoelectric device, 3—4 An insulating spacer, 4 A 
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